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Approach to implementing the processApproach to implementing the process

• NMP and ESTO have initiated planning for spacecraft and instrument
technologies to enable Earth Science Enterprise (ESE) missions with a time
horizon of 5 to 15 years

• Derived from existing ESE science planning documents (ESE Strategic Plan,
Earth Science Implementation Plan, Easton Report)

• ESTO has identified critical technologies of overall importance to ESE
– Large deployable structures
– Radiometers
– Radar
– Laser/LIDAR
– On-board computing

• NMP has identified key component technologies that could potentially require
a validation in space to reduce their cost and risk to the first science user

– Large, Light-Weight Deployable Antennas
– Light-Weight Deployable UV/Visible/IR Telescopes
– Ultra-High Data Rate Communications
– Intelligent Distributed Spacecraft Infrastructure
– High Performance Spectrometry

• These candidate technologies were presented to the ESE Associate
Administrator for his review and concurrence
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ESTO planning/ ranking processESTO planning/ ranking process

• Use ‘needs’ from BMS (Easton)
• Use desired measurement dates from SIP V.2
• Focus on target launch dates of ‘05-’07 (3 years) for immediate technology

investments

Platform Comment
Material & Structures Large deployable apertures needed 
Comm High bandwidth downlink desirable
GN&C Elements being developed elsewhere
C&DH No strong needs
Power No strong needs

Instrument 
Detectors & Filters  Nothing pressing
Radar Strong needs
Spectrometers No strong needs 
Optics No strong needs
GPS No strong needs
Lidar/ Laser Strong needs
Radiometer Strong needs

Info Systems 
Intelligent Platform control No strong needs
On-board processing/ inst. cont. Strong needs
On-board data storage/ processing No strong needs
Transmission No strong needs

Proposed priority technology areas
Platform Instrument Info systems
M&S (large deployables) Radar On-board processing/

Radiometers   sensor control
LIDAR / Laser
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Typical Workshop ProcessTypical Workshop Process

Workshop Status
Topic Date
Lidar/ Laser 4/20/00
Radar 4/20/00
Materials and Structures
 (Large deployables) 5/3/00
Information Technology 8/29/00

Radiometers 11/1/00

•Small team
•One day
•Science and technology 
backgrounds
•“in the business”

•List of Technology tasks
•Rough scoping of tasks
•Suggested timing

Input Workshop Output

Improve

Systematic Measurement

  M i s s i o n s :

E x p e r i m e n t a l  M i s s i o n s :

F i e l d  C a m p a i g n s :

Modeling:

T e r r a / C E R E S

E O S  P M / A I R S ,  A M S U , H S B

N P P /CrIS ,  A T M S

Global Precipitation

C l o u d s a t

S M O S [ E S A ]

NPOESS/ C r I S,  A T M S

•  A t m o s p h e r i c  T e m p e r a t u r e
and Moisture:

•  G loba l  Prec ip i ta t ion :

•  C l o u d  &  A e r o s o l
P r o p e r t i e s : P O E S / A V H R R ,  G e o s t a t i o n a r y  i m a g e r s

Ter ra /MODIS,  MISR,  CERES

E O S  P M / M O D I S , C E R E S

N P P / V I I R S

N P O E S S / V I I R S

•  P lanetary  Rad ia t ion :

E O S  P M / C E R E S

•  A t m o s p h e r i c  T e m p e r a t u r e :

•  T r o p o s p h e r i c  w i n d s :

•  Geos ta t i ona ry  

Atmospheric Sounder:

•  H y d r o l o g i c a l  P r o c e s s e s :

•  S o i l  M o i s t u r e :

•  C l o u d  P r o p e r t i e s :

P i c a s s o /Cena

E x p e r i m e n t a l  S o i l  M o i s t u r e

GPS Sound ing  demons t ra t i on

Tropo  W i n d s

C o l d  C l i m a t e  P r o c e s s e s

S u r f a c e   W a t e r  L e v e l  

•  M e s o -scale Weather:

•  Hydro logy :

•  C i r r u s  C l o u d  &  R a d i a t i o n :

CAMEX-4 F u t u r e  m e s o-sca le  wea the r  s tud ies

LBA- Hydrology

GCIP

GEWEX- Americas Prediction Project

S y s t e m a t i c  G r o u n d - B a s e d :

•  Sur face  Rad ia t ion :

Con t i nu ing  Deve lopmen t  o f  P rocess  and  G loba l  Mode ls  and  Da ta  Ass im i l a t i on  Techn iques

B a s e l i n e  S u r f a c e  R a d i a t i o n  N e t w o r k  ( B S R N )

CRYSTAL ,  C loudsa t  V a l i d a t i o n  C a m p a i g n s

T R M M / P R , T M I , V I R S

T R M M / C E R E S

E O S  P M / A M S R - E

•  A e r o s o l  P r o p e r t i e s : C l o u d / R a d i a t i o n  R e s e a r c h  

EOS 1st  Ser ies/NOAA Ops

P r i o r i t y  N e w  M i s s i o n s

M i s s i o n s  U n d e r  S t u d y

F o r e i g n  M i s s i o n s

Science Timeline

Laser pump diode re l iab i l i ty

T r o p o s p h e r i c  C h e m i s t r y /T r o p o s p h e r i c  C h e m i s t r y /

Enhanced Aerosol  Radia t ive  Forc ing /Enhanced Aerosol  Radia t ive  Forc ing /

Enhanced Cloud-Radia t ion  FeedbackEnhanced Cloud-Radia t ion  Feedback

F Y  0 0 0 1 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0 9 1 0

L
a

u
n

c
h

 F
lt

 D
e

m
o

NMP -
L I D A R

T h e r m a l  m g m t /  c o n d u c t i v e  c o o l i n g

high efficiency 1

m i c r o n  p u m p  l a s e r

optics coatings,

d a m a g e  t e s t

n o n - l i n e a r  m a t e r i a l s

t e s t i n g

pro to type laser
packaging / test

pump conf igurat ion

t r a d e s

T
ro

p
 Ch

em
c

a
p

a
b

il
it

y

A
e

ro
so

l 
e

n
h

a
n

ce
d

 c
a

p
a

b
il

it
y

C
lo

u
d

 e
n

h
a

n
ce

d
 c

a
p

a
b

ili
ty
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O P O / m i x i n g  t e c h n o l o g y
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roadmap
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Summary of Workshop Key FindingsSummary of Workshop Key Findings
Workshop Title Key Conclusions

Radar

Materials and Structures
(Large deployables)

Radiometers

Lidar / Laser

Information Technology (on-
board processing/ sensor
control

• Many benefiting missions
• Many types of deployables
• Wide ranging requirements
• Issues include materials,

actuation

L-band Tandem SAR

VCL

Hydrology

Cloud Ice
Radiometer

Many benefiting missions
Several investment areas:
• Polarimetry
• mm and submm radiometry comp.
• mw receivers
• STAR
• Spectrometers

Next Steps
• Formulate development sequence
• Support mission concept
• Establish performance metrics
• Hand off (as appropriate) to NMP

• Develop investment priorities
• Solicit proposals

Global Precipitation

• Many benefiting missions
• Antenna technology key
• Improved rf also critical

• Define rules for stretching
deliveries

• Replan roadmap with lower
funding requirements

• Crucial to near term missions
with reconfigurable
observations

• Fundamental to the Visions
Sensorweb concept

• Many benefiting missions
• Many types of laser systems

with several common elements
• Wide ranging requirements
• Issues include diode lifetime,

efficiency, autonomous ops.

• Define rules for stretching
deliveries

• Replan roadmap with lower
funding requirements

• Develop investment priorities
• Solicit proposals
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Global Water and Energy CycleGlobal Water and Energy Cycle
‘99 ‘00 ‘01 ‘02 ‘03 ‘04 ‘05 ‘06 ‘07 ‘08 ‘09 ‘10 ‘11

Systematic Measurement
  Missions:

Experimental Missions:

Field Campaigns:

Modeling:

Terra/CERES

EOS PM/AIRS, AMSU,HSB
NPP/CrIS, ATMS

Global Precipitation

Cloudsat

SMOS[ESA]

NPOESS/CrIS, ATMS

• Atmospheric Temperature
and Moisture:

• Global Precipitation:

• Cloud & Aerosol
Properties:

POES/AVHRR, Geostationary imagers
Terra/MODIS, MISR, CERES

EOS PM/MODIS,CERES
NPP/VIIRS

NPOESS/VIIRS• Planetary Radiation:

EOS PM/CERES

• Atmospheric Temperature:
• Tropospheric winds:
• Geostationary 
Atmospheric Sounder:

• Hydrological Processes:

• Soil Moisture:

• Cloud Properties:
Picasso/Cena

Experimental Soil Moisture

GPS Sounding demonstration
Tropo  Winds

Cold Climate Processes
Surface  Water Level 

• Meso-scale Weather:
• Hydrology:

• Cirrus Cloud & Radiation:

CAMEX-4 Future meso-scale weather studies
LBA- Hydrology

GCIP
GEWEX- Americas Prediction Project

Systematic Ground-Based:

• Surface Radiation:

Continuing Development of Process and Global Models and Data Assimilation Techniques

Baseline Surface Radiation Network (BSRN)

CY

CRYSTAL, Cloudsat Validation Campaigns

2/18/00

TRMM/PR,TMI,VIRS

TRMM/CERES

EOS PM/AMSR-E

• Aerosol Properties:
Cloud/Radiation Research 

EOS 1st Series/NOAA Ops
Priority New Missions
Missions Under Study
Foreign Missions
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Sample of Roadmaps in breakout packagesSample of Roadmaps in breakout packages

Laser pump diode reliability

Tropospheric Chemistry/Tropospheric Chemistry/
Enhanced Aerosol Radiative Forcing/Enhanced Aerosol Radiative Forcing/
Enhanced Cloud-Radiation FeedbackEnhanced Cloud-Radiation Feedback
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Lidar Roadmap

OPO/mixing technology
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Sample of Workshop outputSample of Workshop output
(Radiometry)(Radiometry)

Explanation / comment

Functional product Task Subtask
Level of effort No. yrs needed Delivery date

MM and Submm 
Radiometers

Develop improved 
ambient-temperature 
Schottky-diode 
submillimeter-
wavelength radiometers

Improve sensitivity ~2x or 
more over that achieved on 
EOS MLS, with priority on 
640 GHz band. 

Needed for EOS-7 MLS 
(baseline, enhanced, 
minimum);  640 GHz is key 
band for stratospheric 
chemistry 

2 2 2004

MM and Submm 
Radiometers

Develop, improve and 
flight-qualify millimeter-
wavelength MMIC 
components and 
modules

Assure performance, and 
flight-qualify, MMIC receiver 
modules now being 
developed at 100-140 GHz 
and 170-210 GHz under IIP 
program.  Collaborate with 
an industry partner and 
perform environmental tests 
of prototypes.

Needed for stratospheric 
chemistry and climate, 
geosynch atmospheric 
sounders, cloud water vapor, 
severe storms missions.   100-
140 GHz is key band for 
temperature.  170-210 GHz is 
key band for water vapor and 
other chemicals.  Essential for 
baseline EOS-7 MLS

3 3 2005

MM and Submm 
Radiometers

Develop, improve and 
flight-qualify millimeter-
wavelength MMIC 
components and 
modules

Extend MMIC receiver 
modules upward in 
frequency to band centered 
at 240 GHz

Needed for high-resolution 
measurements of 
stratospheric and upper 
tropospheric ozone and CO 
by EOS-7 baseline MLS

1 3 2005

MM and Submm 
Radiometers

Develop, improve and 
flight-qualify millimeter-
wavelength MMIC 
components and 
modules

Develop quadrature 
matched MMIC receivers 
and integrated digitizers for 
bands at 50, 118 and 183 
GHz

Needed for synthetic thinned 
array radiometer system for 
geosynch atmospheric 
sounders

3 3 2005

MM and Submm 
Radiometers

Develop, improve and 
flight-qualify millimeter-
wavelength MMIC 
components and 
modules

Develop low power-
consumption fixed-
frequency submm local 
oscillator sources and 
systems, with priority at 
640 GHz and 2.5 THz 

Needed for EOS-7 MLS and 
cloud ice missions.  640 GHz 
is key band for stratospheric 
chem and cloud ice.  2.5 THz 
needed for possible OH 
measurements with enhanced 
EOS-7 MLS

2 3 2005

MM and Submm 
Radiometers

Develop and improve 
submillimeter and 
millimeter-wavelength 
solid-state local oscillator 
systems

Develop low-power tunable 
(~10% or greater tunability 
desired) mm and submm 
local oscillator sources.  
Priority bands are 640 GHz, 
2.5 THz

Can enable new class of 
'smart sensors' that can be 
programmed to provide (1) 
more efficient measurements 
and (2) measurement 
flexibility. Will make EOS-7 
MLS more efficient and 
flexible.

2 3 2005

ScopeWBS


